Post-collision felsic rocks in Southeastern Yunnan province contain granodiorites. U-Pb zircon ages, geochemical data and Sr-Nd isotopic data for these rocks are reported in the present paper. Laser ablation inductively coupled plasma mass spectrometry U-Pb zircon analyses yielded consistent age 252.5 ± 1.0 Ma for one sample of the felsic rocks. The granodiorites were characterized by variational and high ( 87 Sr/ 86 Sr) i , ranging from 0.7223 to 0.7236 and very low ε Nd (t) values from -29.1 to -30.4. In addition, these rocks are characterized by slight Eu negative anomalies, Nb, Ta, Ti and Sr negative anomalies on primitive mantle normalization spider. Geochemical and isotopic characteristics suggest that these rocks were derived from an enriched crust source. The granodiorites resulted from the fractionation of potassium feldspar, plagioclase and ilmenite or rutile. However, the granodiorites were unaffected by visible crustal contamination during ascent. As a result, the granodiorites may have been formed due to partial melting of crust-derived sedimentary rocks beneath southeastern Yunnan province, southern China.
Introduction
Felsic rocks (e.g., granite, granodiorite, etc.) are widely distributed in Honghe polymetallic deposits (super-large Sn, Cu, Pb, Zn, Sb, Ag, Mo, Au and Bi deposits) [1] [2] [3] [4] [5] [6] and Bainiuchang super-large Ag-Pb-Zn polymetallic deposits [7] [8] [9] [10] [11] [12] [13] [14] . These rocks, especially granite and granodiorite, can be used to study the mineralization and metallogenesis of polymetallic deposits in southeastern Yunnan province, Southern China.
Although a number of studies about deposits have been carried out, recent analytical techniques and systematic geochemical studies (e.g., ages, geochemical data and isotopic data) on granites and granodiorites are limited. Therefore, we provide systematic geochemical data and LA-ICP-MS zircon U-Pb and Sr-Nd data for the granodiorites to constrain age, source, fractionation and genetic model of the studied felsic rocks.
Geological Setting and Petrography
Many types of Mesozoic-Cenozoic granites and acidic porphyries are present in southeastern Yunnan province. Each felsic rock may provide important insights into the tectonothermal evolution of the Mesozoic-Cenozoic lithosphere of Yunnan province and the possible linkage(s) between Yunnan and other places (i.e., terrene, craton, etc.). Limited precise ages for the felsic rocks in Yunnan province have been published in recent papers.
The study area is located within Guilong area, Luchun County, Yunnan province, southeastern China (Figure 1) . Granodiorites in Guilong are emplaced into Trias sedimentary rocks (T 3 g) (e.g., sandstone and shale) and granite without precise age. Some orthoclase and mafic dykes (x, lamprophyres) are present in the southern margin of the granodiorites. The granodiorites are commonly ~0.9 km wide and ~1.7 km long. They are exposed for ca. 1.6 km 2 . The ages of these rocks remain unknown. spar), 20% to 25% quartz, 5.0% to 8.0% biotite, 2.0% to 5.0% hornblende and minor (<2.0%) accessory minerals, such as apatite, titanite, zircon, magnetite, allanite, etc.
Analytical Procedures

U-Pb Dating by LA-ICP-MS Method
Zircon was separated from one sample (GL01) using conventional heavy liquid and magnetic techniques at the Langfang Regional Geological Survey, Hebei Province, China. Zircon separates were examined under transmitted and reflected light and by cathodoluminescence petrography at the State Key Laboratory of Continental Dynamics, Northwest University, China, to observe their external and internal structures. Laser-ablation techniques were employed for zircon age determinations (Table 1; Figure 3 ) using an Agilent 7500a ICP-MS instrument equipped with a 193 nm excimer laser at the State Key Laboratory of Geological Processes and Mineral Resources, China University of Geoscience, Wuhan, China. Zircon #91500 was used as standard and NIST 610 was used to optimize the results. A spot diameter of 24 μm was used. Prior to LA-ICP-MS zircon U-Pb dating, the surfaces of the grain mounts were washed in dilute HNO 3 and pure alcohol to remove any potential lead contamination. The analytical methodology has been described in detail by Yuan et al. (2004) [15] . Correction for common Pb was performed following Andersen (2002) [16] . Data were processed using the GLITTER and ISOPLOT programs [17] ( Table 1 ; Figure 3) . Errors for individual analyses by LA-ICP-MS were quoted at the 95% (1σ) confidence level.
Major Elemental, Trace Elemental and Isotopic Analyses
Twenty-seven samples were collected to carry out major and trace element determinations and Sr-Nd isotopic analyses. Whole-rock samples were trimmed to remove altered surfaces, cleaned with deionized water and then crushed and powdered using an agate mill. Major elements were analyzed using PANalytical Axios-advance (Axios PW4400) X-Ray Fluorescence spectrometer (XRF) at the State Key Laboratory of Ore Deposit Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences. Fused glass disks were used. Based on the Chinese National standards GSR-1 and GSR-3 ( Table 2) , analytical precision was better than 5%. Loss on Ignition (LOI) was obtained using 1 g of powder heated to 1100˚C for 1 h.
Trace elements were analyzed by plasma optical emission MS ICP-MS at the National Research Center of Geoanalysis, Chinese Academy of Geosciences following the procedures described by Qi et al. (2000) [18] . The discrepancy among triplicates was less than 5% for all elements. Analysis results of the international standards OU-6 and GBPG-1 were consistent with the recommended values ( Table 3) .
For the analyses of Rb-Sr and Sm-Nd isotopes, sample powders were spiked with mixed isotope tracers, dissolved in Teflon capsules with HF + HNO 3 acids and separated by conventional cation-exchange techniques. Isotopic measurements were performed using a Finnigan Triton Ti thermal ionization mass spectrometer at the State Key Laboratory of Geological Processes and Mineral Resources, China University of Geosciences, Wuhan, China. Procedural blanks were <200 pg for Sm and Nd and <500 pg for Rb and Sr. Mass fractionation corrections for Sr and Nd isotopic ratios were based on 
Results
Zircon U-Pb Age
Euhedral zircon grains in samples GL01 are clean and prismatic, with magmatic oscillatory zoning. A total of 18 grains have a weighted mean 206 Pb/ 238 U age of 252.5 ± 1.0 Ma (1σ) (95% confidence interval) for GL01 (Ta-ble 1; Figure 3 ). These determinations are the best estimates of the crystallization ages of the granodiorites. Some inherited zircons (1421 and 880 Ma; Table 1 ) are present in the rock.
Major and Trace Elements
Geochemical data on the granodiorites in the study area are listed in Tables 2 and 3 (Figure 4(a) ). All samples also straddle the shoshonitic series in the Na 2 O vs K 2 O plot (Figure 4(b) ). In the plot of the molar ratios of Al 2 O 3 /(Na 2 O + K 2 O) and Al 2 O 3 /(CaO + Na 2 O + K 2 O), the rocks are mostly peraluminous, except for one sample falling the metaluminous field (Figure 4(c) Figure 7(a) ). In the primitive mantle-normalized trace element diagrams, the granodiorites show enrichment in Large Ion Lithophile Elements (LILE) (i.e., Rb, Pb and U) and depletion in Ba, Sr and High Field Strength Elements (HFSE) (i.e., Nb, Ta, P and Ti) (Figure 7(b) ).
Sr-Nd and Pb Isotopes
Sr-Nd isotopic data have been obtained from representative granodiorite samples ( Table 4 Currently, the interaction between crust and mantle is very important for the genetic investigation of granitoid rocks. Previous studies suggest that mantle contribution (e.g., material and energy) during granitoid rock formation cannot be ignored [19] [20] [21] .
The REE of the granodiorites [REE = 181˚ ppm to 242˚ ppm, (La/Yb) N = 7.29 to 11.62, Eu = 0.42 to 0.57] has some visible differences with that of granitoid rocks formed by re-melting of the continental crust with high maturity, such as Suidong intrusion in Southern China [REE = 169˚ ppm to 268˚ ppm, (La/Yb) N = 6.44 to 10.74, Eu = 0.14 to 0.31 [22] . However, the REE can be comparable with that of syntactic-type granitic rocks involving obvious mantle material in their petrogenesis in southern China, e. The granodiorites in the present study have relatively higher compatible element contents (V = 58.6˚ ppm to 73.1˚ ppm, Cr = 29.9˚ ppm to 41.0˚ ppm, Ni = 14.8˚ ppm to 18.7˚ ppm) than some granitic rocks formed by the interaction of crust and mantle in the Yangtze River and southern China (Wuping biotite monzogranite [23] ; granodiorites in Longwo [24, 25] ). In addition, the high Mg # (43 -46; Table 2 ) of the rocks agrees with interaction of crust and mantle. Simutaneously, the Sr-Nd isotopic signatures of the granodiorites are comparable with those in the associated mafic dykes (lamprophyres) in the study area (Figure 1) .
In summary, this evidence indicates that evident mantle materials contributed to the diagenesis of Guilong granodiorites in Yunnan Province. 
Crustal Contamination
Assimilation, crystal fractionation (AFC), or magma mixing is usually postulated to explain the occurrence of comagmatic felsic rocks [26] [27] [28] [29] . AFC and magma mixing result in a positive correlation between SiO 2 and  Nd (t) values and a negative correlation between SiO 2 and ( 87 Sr/ 86 Sr) i ratios ( Figure 9 ). However, these features are not observed in the studied granodiorites, indicating that magma evolution is insignificantly affected by crustal contamination or magma mixing. Therefore, the geochemical and Sr-Nd isotopic signatures of the granodiorites are mainly inherited from an enriched source.
Origin of the Rocks and Fractional Crystallization
The granodiorites have relatively low Al 2 O 3 /TiO 2 (17.4 to 20.3), suggesting that the temperature of partial melting is high (>875˚C [30] ). Moreover, felsic rocks have low Sr (113˚ ppm to 201˚ ppm) and high Yb (3.25˚ ppm to 4.15˚ ppm), with the lower Sr and higher Yb feature. In addition, the granodiorites are provided with low (La/Yb) N (7.29 to 11.62) and negative slight Eu negative (Eu = 0.42 to 0.57) (Table 3) . Hence, the rocks resulted from relatively low pressure (<1.2˚ Gpa) and a shallow source [31] . For the studied felsic samples, the negative Nb, Ta and Ti anomalies in all rocks (Figure 7(b) ) agree with the fractionation of such Fe-Ti oxides as rutile and ilmenite. The relatively negative Ba, Sr and Eu anomalies of the rocks (Figures 7(a) and (b) ) imply the fractionation of potassium feldspar and plagioclase.
Besides above, the granodiorites have characterized Sr-Nd isotopic compositions ((   87   Sr/ 86 Sr) i = 0.7231 -0.7237, ε Nd (t) = -29.1 --30.4). The geochemistry feature all indicate that the granodiorites were derived from partial melting of crust-derived sedimentary rocks. Moreover, interaction of crust and mantle occurred during origin of the granodiorites.
The granodiorites show relatively decreasing Zr with increasing SiO 2 (Figure 6(c) ). This result indicates that zircon was saturated in the magma, which was also controlled by fractional crystallization [32] . Zircon saturation thermometry [33] provides a simple and robust means of estimating magma temperatures from bulk-rock compositions. The calculated zircon saturation temperatures (T Zr ) of felsic rocks are 825˚C to 886˚C ( Table 2) , representing the crystallization temperature of the magma.
Conclusions
Based on geochronological, geochemical and Sr-Nd isotopic studies, the following conclusions are drawn: 1) Granodiorites were formed at 252.5 ± 1.0 based on LA-ICP-MS U-Pb zircon dating. The rocks resulted from post-collision magmatism.
2) Felsic rocks came from a crustal source. The fractionation of K-feldspar, plagioclase, ilmenite, or rutile, among others, resulted in granodiorites with negligible crustal contamination. The zircon saturation temperatures (T Zr ) of the granodiorites range from 825˚C to 875˚C, approximately representing the crystallization temperature of the magma.
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